Comparison of effect of a turbojet engine and three cold-flow configurations on the stability of a full-scale supersonicle inlet by Musial, Norman T
?!
*. Cjf
tJL.4
c Opy
RM E56K23
RESEARCHMEMORANDUM
COMPARISON OF EFFECT OF A TURBOJET ENGINE AND THREE
COLD-FLOW CONFIGUIUTIONS ON THE STABILITY OF A
FULL -SCALE SUPERSONIC INLET
By Norman T. Musial
Lewis Flight Propulsion Laboratory
Cleveland, Ohio
NAilONAL ADVISORY COMMITTEE
FOR AERONAUTICS
WASHINGTON
January24, 1957
https://ntrs.nasa.gov/search.jsp?R=19930089651 2020-06-17T05:06:37+00:00Z
TECHLIBRARYKAFB,NM
NACARME56K23 r““%
NATIONALADVISORYCCX4MITTEEFOR
RESEARCHMEBK)RANDUM
AERONAUTICS
COMPARISONOFEWT’ECTOFA TURBOJETENGINEANDTHREECOLD-FLOWCONE’IG-
URATIONSON TEEST!KBIIXLYOFA FULL-SCALESUPERSONICINLET
ByNormanT.MiLSial
EmlmEw
Comparisonsweremadeata Machnuniberof 2.0andanangleofattack
of0°betweentheinletstabilityachievedwitha turbojetengineand
threecold-pipeconfigurateionsbehindthessmesupersonicinlet.
Inletstabilitywasaffectedby thepositionoftheairflowregu-
q latingdevicebehindtheinlet.Closeapproximateionoftheinletsta-
g“ bilitylimitoftheJ34eugine-inletconfigmationwasobtainedby a
cold-pipeinletconfigurationhavinga lengthandvolumeapproaching
thatmeasuredtotheengineturbine.Volumeandpipe-length-to-choke-
. potitappearedtohavea negligibleeffectontheinletpressure-
recovery- mass-flowcurveata cowl-lip-positionparsmeterof42.6°and,
withintheaccuracyofthedata,hadonlya smalleffectonthemtiimun
subcriticalstablemassflowbelowa cowl-lip-positionparameterof44°
(conicalshockangle,42.6°). Goingfroma shorttoa longcold-pipe
configurationdecreasedtheinitialbuzzfrequencyatthecowl-lip-
positionparsmeterof42.6°andincreasedthe
parameterforcompletebuzz-freeoperation.
INTRODUCTION
mhimumvalueofthis
Windtunneltestsof supersonicMets areusualJymadeundercold-
flowconditions,andsuchtests=e gener~ believedto s~te.ProP-
erlytheactualconditionsatwhichtheinletmustoperate.Parameters
of inletperformancesuchaspressurerecoveryandinletstabilitydata
thusobtainedsreoftendirectlyappliedtothefull-scaleflight
configurateion.
Recentexperiencewitha full-scaleinstallation(ref.1) suggests
thatalthoughlittlenoticeableeffectisobservedonpressurerecovery,
thereissomedifferenceininletstabilitybetweena cold-flowinstal-
lationandm fistallationcotiiningtheinletwitha turbojetengine.
Obviously,my suchdifferenceiSsi@ficant~andatt-ts shofldbe
madetounderstanditsoriginandpredictitsmagnitude.
. .
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Afterthestudyofreference1, itwashypothesizedthatthevol-
ume(basedontheplenumchmnberbehindtheinlettotheflowthrottling
device)andsurfaceflowarea(dampingfactor)behindtheinletinflu-
encedthedynamicbehaviorofthesystem.Itwasfurtherhypothesized
thatsuchdifferencesdidexistbetweenthecold-flowandengineconfig-
urationsofreference1 andwereresponsibleforthediscrepuciesh
thestabilityresultsobserved. .,
Testswerethereforeundertakento confirmthesehypotheses.The
saneinletdescribedinreference1 wastestedwiththreeseparatecold-
flowconfigurationsbehindtheinlet,eachrepresenttiga changein
plenum-chambervolumeanddampingcoeffici~nt.Also,additionaldata ““
wereobtainedwiththetilet-J34enginecagfiguration.Thedatawere
takeninthe8-by 6-footsupersonicwindtunnelattheLewislaboratory
ata free-streamMachnumberof2.0andam angleofattackofOO.
—
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et cowi-lip-positionparameterdefined,a~.anglebetweenaxisof spike
andlinejoiningconeapexsndcowl”~lip --——.——_—.
es conicalshock
lip(42.60]
Subscripts:
o freestream
angledefinedasdesi~.~gleof@l}queshockon ,
—.
3 compressorfaceordiffuserexit - —.— =.
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APPARATUSANDPROCEDURE
Sketchesofthecold-flow=d ~let-engfiec~fiwations ev~uated
areshowninfigure1. Forthe.cold-flowcasea fixed-orifice- movable-
plugsystemwasemployed.tovaryinletairflow.The--plenum-ch@ervol-’
w anddampingfactorbehindtheinletcdiddbe chsligedby varyingthe
positionoftheorifice-plugcombination.‘,Thearrangementconventi-
employedincold-flowinlettestingisshowninfi~e l(b).ThisCOIl-
figurationiscalledhereinthe“long-pip~”configuration.Forpurpos-s, d:
of comparison,theinlet-engineconfigurationis ~.hoynto scalein
figurel(a).
.
8
.NACARME56K23
As canbe
i vergingnozzle
systemenables
---- 3
seenin figuresl(c)andl(d),theremovalof thecon-
smdinsertionofan orifice-plate- axiallymovable-plug
thepositionofthechoked-flowstationbehindthedif-
fusertobe changed.Twosuchpositionswereinvestigated.The“medium-
pipe”configuration(fig.l(c))representsa lengthaboutequaltothe
turbinelocationintheinlet-engineconfi~rati~n.The“short-pipe”
configuration(fig.l(d))representsa lengthaboutequaltothethird-
stagecompressorlocation.
Theinletwasequippedwitha translatingconicalspikehavinga
29 half-angle.Thetipprojectioncouldbe remotelyvariedwitha
hydraulicallyactuatedservomechsmism.Thecowl-lip-positionparsmeter
ez couldbe determinedto an
fuserareaovertherangeof
Dynsmicpressurepickups
tionsinthenacelleMet in
ofpulsation.
accuracyofjfl.l”.fie-variatio;f dif-
ez isgivenin
werelocated.at
orderto detect
figure2.
severalongitudinalsta-
tiitiationa dfrequency
Forallcold-flowconfigurations,themtiimmnsubcriticalinlet
stabilitycurveswereobtainedinthefollowingmsnner.Foreach @Z,
theplugwasmovedto reducemassflowthroughtheconfigurationuntil
theinletas observedby schlierensnddynsmicpressurepickupsjust
startedtobuzz. Theplugpositionwasnoted,theplugwasbackedoff,
andthenextendedas closelyaspossibleto thepreviouspositionwith-
outactuallyputtingtheinletintobuzz. Theminimmsubcriticalsta-
bilitycurvewiththeengineinstalledwasstiilarlyobtained.Ihthis
lattercase,however,themassflowwaschangedbyvaryingtheengine
speedratherthantheplugposition.
Thesubcriticalfiletmassflowforall.configurationswascalcu-
latedlyarea-weightingthetotal-pressuretubesat station3 (diffuser
exit). Themass-flowvaluesthusobtainedarebelievedaccurateto+3
percent.
RESULTSANDDISCUSSION
Completeinletperformanceurvesforallfourconfigurationswere
notobtained.Theinletperformanceurvesforthelong-pipeandengine
configurationsfromreference1 arereproducedinfigure3. Pointsfor
theshort-andmedium-pipeconfigurationsat thesame .97of 42.6°and
a Machnumberof2.0arealso
Met pulsing.
Thesedataindicatethat
at a Machnumberof2.0anda
included.Thetailedsymb& indicate
thepressure-recovery- mass-flowcurve
e~ of42.6°isessentiallythesamefor
4--
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bothenginesndlong-pipeconfigurations.-:Inadditi~,thedataavail-
ablefortheshortandmediumcold-pipecmfigurationsalsoshowno sig-
nificanteffectofductvolume,surfacear&a,andle@thondtifuser
pressurerecovery.Thesmallscatterinthesedataisbelievedueto
experimentalerror. .
Theminimumsubcriticalstabilitylimitsasa functionof Gz are
presentedinfigure4. Figures4(a),(b),(c),and(d)aretheindi-
vidualplotsoftheengtie,long-,medium-d.andshort_-pipeconfigurations,
respectively.Figure4(e)isa summaryplotofthefourconfigurations.
Theareaunderthecurverepresentsunstableinletoperation.Increas-
ing ez by retractingthespikeenablesa-nconfi~_ationseventual~
i
.
.—
t
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to reacha pointof completestablesubcriticaloperation. iItappears
thatata free-streamMachnuniberof2.0ahdbelowa GZ of440,volume”;’ ‘+
surfaceandflowareas,andlength-to-choke-pointhaveonlya smalleffect
ontheminimumstablemassflow.At a free-stresmMachnumberof2.0
thedesignG3 is42.6°.Theseresultsare,therefore,consistenttith
thoseinreference2 ata slightlylowerMachnumberandwitha small-
scalemodel. —
-, — .._____ .
Thedatadoreveal,however,thatsomeaspectsofthedynsmic’Uf-
fuserbehaviom,.areinfluencedbytheconfigurationbehindtheinletdif-.
fuser.Theinitialpulsefrequency(freqmcyatfirstindicationf
steadyinletpulsing)at G7 = 6s andthe-mass-flow’stabilitylimitsat
Qz>440 showedconsiderabled pendenceogconfiguration.At a 81 “of
42.6°initialfrequenciesincreasedfrom6 cpsfort~elongpipe-to16.9
cpsfortheshortpipe. Initialfrequenciesforthe_medium-pipeand-en-
gineconfigurationswere13.8and16.2CP[;resp~cti-ely.Thus,ita>-
pearsthatconsideringinitialpulsefrequencyonly-theengineiimtalla~--
tionwasbestsimulatedby theshort-pipe;cold-flowconfiguration.
. . .
.—
-— —
—
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Witha givencold-pipeconfiguration.andtheinletpulsing,the
amplituderemainedessentiallyconstantalongthele&thof theduct.
—
Thevalueof 19Zatwhichcompletesubcriticalinletstabilitywas
achievedincreasednoticeablywithincreasesinpipelength.However,
evenwiththeshortpipe,completesubcriticalstabilitywasachieved
onlyat eZ~ 44°,a conditionatwhichtheobliqueshockgeneratedby.L...— --
thespikefallsinsidethecowl11P(es=:42.60).I-tappearsfromthe
thedatathatthe (37stabilitylimitfortheenginsccmfigurationap-‘~
preachesthemedium;old-pipeconfigurationwhichhaia lengthandvol-
umeequivalent to that representedby ass~ing.that~fiectikePo~t ‘-”~. ... ~
occursattheengineturbine. =-. .— -
— *
Itbecomesapparent,therefore,thatconsiderap~ec~e mustbe
exercisedindetermintigandevalwtingi@et stabil-itydata,becaufi~ ““ ‘“
.<-. +-----..—!*
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fulil-scaleflightresultsmaydepartconsiderablyfromthoseobtained
witha cold-flowmaielandmayevendepartfromfull-scaleflowtests.
To evaluatetheGourceofthedifferencesforthecaseathand,a study
ofthemodelconfigurationsisinorder.
Saneofthepertinentphysicalcharacteristicsofthefourconfig-
urationstestedaretabulatedintablesI andII. Volume,surface=ea,
andlength-to-choke-pointincreasedprogressivelyingotigfromthe
short-,tothemedium-,tothelong-pipeconfiguration.Theengine-
inletcombinationhasa pipe-length-to-choke-point(def iedas theexit
nozzle)greaterthsnthelongpipeanda volumeapproximatelyequalto
thatofthelong-pipeconfiguration.It is,therefore,interestingto
notethatalthoughitappearsthatthephysicslcharacteristicsofthe
longpiyebestsimulatetheengineconfiguration(seetablesI andII),
pooragreementforboth f33stabilityanddynsmicbehaviorisobtained
betweentheseconfigurations.Thedataoffigure4(e)indicatethat
theinletstabilityoftheengineconfigurationactuallyfallsbetween
thatoftheshortandmediumpipes.Theenginephysicalcharacteristics
approximatingtheshorterductlengthsarethevolumemd lengthto the
compressorexit.
. Thisobservationisconsistentwiththeresultsreportedinrefer-
ence3 whichindicatethatan inletpul.satimisdsmpedconsiderablyin
goingthroughthecompressoroftheJ34engine.Pressureamplitudes
. propagatedthroughtheflowsystemwerereducedfrom22percentofthe
localtotalpressureat thediffuserinletto about5 percentatthe
compressorexit. IfthecompressorexitoftheJ34engineisassumed
analogousto thechokepositionofthecold-pipeconfigurations,then
theductvolumeaswellasthedsmpingexertedbehindthecompressor
exitwouldexerta negligibleeffectontheinitialpulsefrequencyand
inletstabilitylimit.Thoughtheremaybe oth-rfactorsto consider,
thevolumeandductlengthto thecompressorexitmaybe sufficiently
representativetoallowselectionof a cold-pipeconfigurationwhich
wilJduplicatewithreasonableaccuracythedynamicandstabilitybe-
haviorof an inlet-engineinstallation.
However,beforethisconclusioncanbe generalized,atasimilar
tothosereportedhereinmustbe obtainedwithotherconfigurations.In
anyevent,cold-flowinletstabilitydatashouldbeusedwithcautionin
predictingthestabilityofengine-inletcombinations.Ifdai5aforthe
shortcoldpipeweretobe appliedto theengine-inletconfiguration,
theresultswouldbe slightlyoptimistic.On theotherhand,ifthein-
letweretestedwitha longcoldpipetheresultswouldbe quite
pess~stic.
4
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SUMMARYOFRESULTS
A supersonicinletwastestedwitha U4 turbojetengineandwith ‘.-
threecold-pipeconfigurationsto determti~theireffectsontheinle%
stabilitycharacteristics.A comparisonofthefourconfigurationsat
-.——
a free-streamMachnumiberof 2.0andsnan&leofattackof0° showed
thefollowing:
—
1. Inletstabilitydataareaffectedby theductingandpositioning
-poftheairflowregulating.devicebehindtheinlet._
am
2.A cold-pipeconfigurationhavinga lengthandvolumeequivalent
tothatrepresentedby assumingthechokepointoccursattheengine
turbfnegivesverynearlythesameinletstabilitylimitasthatobtained
withtheengine-inletconfiguration.
..,. —
3. Increasingthevolumeandpipe-length-to-choke-pointincreased
thecowl-lip-positionparameterforcompletebuzz-freeoperationand
decreasedtheinitialbuzzfrequencyatthecowl-lip-=ositionprameter
of42.6°.
4.Thechangewithconfigurationi theminimumsubcriticalstable _, . _
massflow.belowa cowl-lip-positionparsmeterof44°is$withinthe _
accuracyofthedata,small.
—
—
5.Volumeandpipe-length-to-choke-pointfora cowl.-lip-position
l
.—
parameterof42.6°appearedtohavea negligibleeffectontheinlet
pressure-recovery- mass-flowvariation.
—
LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,Noveder21,1956
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TABLEI. - COLD-PIPECONFIGURATIONCHARACTERISTICS
Pipe Length-to- volumeto-
configurationchoke-point,choke-point,
in. Cuft
Long
Medium
164
123
=28.9
=22.0
Short [ 83 =12.2
Ihitial
frequency,
Cps
8
13.8
16.9
TABLEII.- ENGINECONl?IGURATIONCHARACTERISTICS
Lengthto 58
compressorinlet,in.
Len@h to 100
compressorexityin.
Volumeto =14.2
compressorexit,
Cuft
Lengthtonozzle,in. 180
Volumetonozzle,cu ft 28
~itialfrequency,cps 16.2
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